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Industry standards 
in data transmission 


The need for data transmission standards be- 
came apparent as the industry matured. At first, 
each systems manufacturer established his own 
standards for his own products. So, the systems 
engineer, having to use a particular manufac- 
turer’s CPU, was forced to use that same 
manufacturer’s peripheral units, if they were 
available. If not, then he faced the task of building 
elaborate interfacing units in order to convert the 
data from one manufacturer’s system to another. 
This severely limited the choice of units and the 
cost/performance effectiveness of the final system. 

Enter industry standards. By defining the ac- 
tive and passive elements of the communication 
links between CPUs, computers, and/or ter- 
minals, industry standards brought form , func- 
tion and order to a heretofore chaotic system, 
eliminating delays, reducing costs, and improving 
productivity. These standards apply both to the 
sending and the receiving of information. Now, 
the systems engineer simply chooses the standard 
that matches the application; then mixes and 
matches the CPUs, computers, and peripheral 
units that use the chosen standard (regardless of 


manufacturer) to achieve the best overall solution. 
In general, these standards are defined by the 
state-of-the-art technology capabilities of line cir- 
cuits (drivers and receivers). As technology has 
improved, new standards have been written ex- 
tending the capabilities of the systems. 

Key considerations in selecting a data transmis- 
sion standard are line length (the distance be- 
tween component elements), bit rate (the speed at 
which the data is to be transmitted), environment 
(noise conditioning along the transmission path), 
and whether or not the system will have to inter- 
face with other existing or future systems. 

Once a standard is chosen, a system design 
engineer can select components which meet that 
standard. There are three basic categories of line 
circuits: line drivers that transmit the data; line 
receivers that receive the data; and transceivers 
which contain both driver and receiver elements. 
All these circuits have a common purpose — to 
transfer, without error, digital information over 
greater distances and/or to more units than would 
otherwise be possible with standard logic circuits. 


Electronic Industries Association 
(EIA) Standards 


There are two basic means of communicating be- 
tween components of a data processing system. 
These are single-ended, which uses only one sig- 
nal line for data transmission, and differential, 
which uses two signal lines. Single-ended trans- 
mission is used only for short distances and slower 
data rates since, as line length increases, it is 
difficult to distinguish between a valid data signal 
and those signals introduced by external environ- 
ment, such as ground shifts and noise signals. Dif- 
ferential data transmission overcomes these 
problems. Unwanted signals appear as common- 
mode signals and are rejected by the differential 
line receiver input or differential driver output. 

EIA has developed several specifications to 
standardize the interface in data communication 
systems. Table 1 shows a comparison of the vari- 
ous standards. The first of these, RS232, was in- 
troduced in 1962 and has been very widely used 
throughout the industry. This standard was devel- 
oped for single ended data transmission over short 
distances and slow data rates. Today’s higher per- 
formance data communication systems are rapidly 
making RS232 inadequate, with the need to trans- 
mit data faster and over longer distances. RS423 
is a newer standard for single ended applications 
which extends the maximum data rate to 100 
thousand baud (up to 300 ft.) and the maximum 
distance to 4000 feet (up to 1000 baud). It also 
features controlled wave shaping, dependent upon 
cable length and data rate, to control reflections 
and radiated emission or crosstalk. Another im- 
provement of RS423 is high impedance driver 
outputs with power off so as not to load the trans- 
mission line. 

For data rates faster than 100 thousand baud 
over long distances, differential data transmission 
should be used to nullify effects of ground shifts 
and noise signals which appear as common mode 
voltages on the driver outputs and receiver in- 
puts. RS422 was defined by EJA for this purpose 
and allows data rates up to 10 million baud (up to 
40 ft.) and line lengths up to 4000 ft. (up to 100 
thousand baud). Drivers designed to meet this 
standard are capable of transmitting a 2 V mini- 
mum differential signal to a twisted pair line 
terminated in 1002. The receivers are capable of 


detecting a +200-mV differential signal in the 
presence of a common signal from —7 V to +7 V. 
The shortcoming of RS422 is that in bus applica- 
tions, multiple drivers may be required on the 
same data bus. The main limitations of RS422 in 
bus applications are related to the driver. When 
multiple drivers are connected to a common bus, 
only one is transmitting data and the remainder 
should be in a high impedance state so as not to 
load the bus. RS422 does not require the driver to 
be in high impedance state except when power is 
off, and then only over a common mode range 
from —0.25 V to +6.0 V. Since large positive and 
negative common mode signals can appear at 
driver outputs connected on a bus system, it is 
necessary that they maintain a high impedance 
when disabled with power on or power off and 
over a wide common mode range. 

Another limitation of RS422 in bus systems is 
contention, which is defined as more than one 
driver on the bus being enabled simultaneously. 
When this occurs with a common mode voltage 
between the drivers, appreciable current can re- 
sult in excessive power dissipation and possible 
destruction of the driver. There are no constraints 
on the RS422 driver to protect it from destruction 
under these conditions. EJA is, at the time of this 
publication, defining a new standard (P/N 13860) 
patterned after RS422 and specified for multipoint 
interface. It is intended to allow up to 32 driver- 
receiver pairs on a common data bus, and at the 
same time satisfy the requirements of RS422. The 
key features of the new standard compared to 
RS422 are: 

*Common mode range, +6 V to —.25 V in 
RS422, is extended to +12 V to —7 V with 
power on or off. 

* The driver must have contention protection. 

* Receiver common mode range is extended 
from +7 V to +12 V, while maintaining 
+ 300m V sensitivity. 

+ Increases receiver input impedance from 
4k, min to 12k0, min. 

The new SN75172 and SN75174 drivers and 
SN75173 and SN75175 receivers, available now, 
satisfy the requirements of the proposed new EJA 
multipoint interface standard as well as RS422. 


The SN75172 and SN75174 quad drivers are de- 
signed to operate with a single +5V supply and 
still maintain a high impedance output over a com- 
mon mode range from —7 V to + 12 V with power 
on or off. This was achieved without any apprecia- 
ble sacrifice in speed, as these drivers have max- 
imum delay times of 50 ns, and rise and fall times 
less than 80 ns, thereby allowing data rates up to 4 
million baud. Also featured is low maximum 
power dissipation of 79 mW per channel enabled, 
and 53 mW per channel disabled. The SN75172 
and SN75174 drivers feature contention protec- 
tion through the use of both positive and negative 
current limiting and thermal shutdown. The sink 
current is limited to 500 mA out to 12V common 
mode, and the source current is limited to 
— 250 mA to —7 V common mode. To further pro- 
tect the device, a thermal sensing circuit causes 
the device to go into a high impedance state when- 
ever the chip temperature exceeds approxi- 
mately 150°C. 

The SN75178 and SN75175 quad receivers are 
very similar to existing RS422 receivers, but have 
higher input impedance and extended common 
mode range without any sacrifice in sensitivity or 


speed. These receivers feature + 200mV sen- 
sitivity over —12V to +12V common mode 
range (better than the +300mV required by the 
new EIA multipoint interface standard), 12kQ 
minimum input impedance, and 35ns maximum 
propagation delay. 50mV hysteresis is incorpo- 
rated in the receiver for increased noise margin. 

In addition to the SN75172, SN75173, SN75174 
and SN75175 quad drivers and receivers, the new 
SN75176 transceiver combines a single SN75172 
driver and SN75173 receiver in an 8-pin package. 
This device internally connects the driver outputs 
to the receiver inputs, and provides complemen- 
tary enables for bidirectional data communication. 
The SN75177 and SN75178 transceivers are de- 
signed to use as repeaters to extend the maximum 
cable distance. The enables on these 2 devices are 
complementary such that the pair can be used for 
bi-directional communication. 

A typical bus application is shown in Figure 1 
using a combination of these drivers, receivers, 
and transceivers. Here a repeater is used to ex- 
tend the maximum cable length at a given data 
rate. There may be up to 82 driver-receiver pairs 
on each data bus. 


TABLE 1 


% Ye 
SN75173__SN75172 
CRT 
TERMINAL 


ween eens 


NUMBER OF DRIVERS AND 1 Onver 1 Driver 1 Driver 
RECEIVERS ALLOWED ON LINE 1 Receiver 10 Receivers 10 Receivers 


MAXIMUM CABLE LENGTH (ft) a es ee 
MAXIMUM DATA RATE (Bisse) SS 
MAXIMUM COMMON MODE VOLTAGE | cv | 


+6V +12V 
m 


7 
+ Controlled 
+ Determined by cable 
length & data rate 
+ 100 pa max 
-7Vs Vem « 12V 
= 100 pa max + 100 pa max + 100 4a max 
+6V -025V= Vem 6V -7V Vem s 12V 


+ 200 mv +300 mv 
-7V Vem a 7V -12V = Vem <= 12V 


| aaa iat aiemm aes, | 


REMOTE CRT 
TERMINAL 


eee eee 


J bon nnn nanan 
| ¥SN75173 | 
PRINTER | 


-------4 


‘$N75278 


t 

| 

i 

' 

1 

| 

t 

! 

' 

H 

' 

' 

| 

! 
BIDIRECTIONAL = 
REPEATER | 


Notes: 1. 1202 terminating resistors should be used The resistors should be a maximum number of cable feet apart 
2. Stub lengths (line connecting drivers. receivers, etc. to the main bus twisted pair) should be kept as short as possible (less than 1 ft ) to eliminate possibility of reflections. 
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SN%75172 quad differential line driver 


SN75173 quad differential line receiver e 


Features: 
Quad differential line circuits 


* Meets EIA standard RS422 

* Designed for multipoint bus transmission 

* Positive and negative common mode range 

* Single +5V supply 

* 3-state outputs 

* Fast switching speeds 

* Long bus lines to 4000 ft. 

* Low power requirements 

* Active high and active low enables 

* Pin compatible with AM26LS31 and AM26LS32 


Additional SN75172 driver features 


* High output impedance in 3-state or with power off over 
+12V to —7V common mode range 


* Thermal shutdown protection 
* Positive and negative current limiting 
+ Very low disabled power 


Additional SN75173 receiver features 


* +200mV sensitivity over + 12V to — 12V common mode 
range 


* 12kQ minimum input impedance 
* 50mvV input hysteresis 


Description 


The SN75172 driver and SN75173 receiver are designed to 
meet EIA standard RS422 and are optimized for balanced 
multipoint data bus transmission at data rates up to 4M bits 
and over distances up to 4000 ft. The high positive and 
negative common mode range of both the driver and 
receiver make the pair very suitable for party line 
applications in noisy environments. The SN75172 driver 
features protection from line fault conditions and contention 
of multiple drivers on the line simultaneously. This is 
achieved through both positive and negative current limiting 
as well as thermal shutdown. 

The SN75173 receiver features input sensitivity of 
+200 mV over common mode range + 12 V to —12 V, in 
addition to hysteresis for increased noise immunity. 


SN75172 
J OR N PACKAGE 
(TOP VIEW) 
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Notes: 1. All voltage values are with respect to network ground terminal 
2. For operation above 25°C Ta, derate at 9.3-mW/C for N package and 
11.0-mW/C for J package 


$N75173 
J OR N PACKAGE 
(TOP VIEW) 


Absolute maximum ratings 


Supply voltage, VCC 1... eee cee eee eee teens 7V 
Common mode input voltage ..........-2 eee eee +25 V 
Differential input voltage .......... 6c eee eee ees +25 V 
Enable input voltage .. 22... . cece eee eee ee eee 7V 

Continuous total power dissipation 
at 25°C, N pkg .....-.. cece ccc eececes 1150 mW 
DPKG: se istics tveceeteroie grands sense aed 1375 mW 


[min | max 
[| 400 wa | 
[Lowe oupwtcwent | + 1 ma 


SN75172 switching characteristics 


(Ta = 25°C, Vec = 5.0-V) 


toih Differential Prop. delay low to high Ry = 602 | 351s 50s | 
toh Differential Prop delay high to low CL = SOpF | 35.ns 50ns | 


SN75173 switching characteristics 
(Ta = 25°C, Vec = 5.0-V) 


tpih Prop. delay low to high VID = -2.5 Vto 
pth Prop. delay low to hig oy 
toni Prop. delay high to low CL = 15pF 


toiz Disable time from low 
tphz Disable time from high 
oe CL = 15pF 


MIN TYP MAX 


25 ns 35 ns 


21ns 30 ns 


tozi Enable time to low 
tozh Enable time to high 
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SN75174 quad differential line driver 
SN75175 quad differential line receiver 


Features: 

Quad differential line circuits 

* Meets EIA standard RS422 

* Designed for multipoint bus transmission 

* Positive and negative common mode range 
* Single +5V supply 

* 3-state outputs 

* Fast switching speeds 

* Long bus lines to 4000 ft. 

* Low power requirements 


* Two independent active high enables, each common to 2 
channels 


« Pin compatible with MC3486 and MC3487 


Additional SN75174 driver features 


* High output impedance in 3 state or with power off over 
+12V to —7V common mode range 


* Thermal shutdown protection 
+ Positive and negative current limiting 
* Very low disabled power 


Additional SN75175 receiver features 


* +200mV sensitivity over + 12V to — 12V common mode 
range 


* 12k. minimum input impedance 
* 50mV input hysteresis 


Description 


The SN75174 driver and SN75175 receiver are designed to 
meet EIA standard RS422 and are optimized for balanced 
multipoint data bus transmission at data rates up to 4M bits 
and over distances up to 4000 ft. The high positive and 
negative common mode range of both the driver and 
receiver make the pair very suitable for party line 
applications in noisy environments. The SN75174 driver 
features protection from line fault conditions and contention 
of multiple drivers on the line simultaneously. This is 
achieved through both positive and negative current limiting 
as well as thermal shutdown. 

The SN75175 receiver features input sensitivity of 
+200 mV over common mode range +12 V to —12 V, in 
addition to hysteresis for increased noise immunity. 
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J OR N PACKAGE 
(TOP VIEW) 


Absolute maximum ratings 
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Notes: 1. All voltage values are with respect to network ground terminal 
For operation above 25°C Ta, derate at 9.3-mW/C for N package and 
11.0-mW°*C for J package 
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J OR N PACKAGE 
(TOP VIEW) 
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Absolute maximum ratings 


Supply voltage, VCC 1... cece eee eee tenes 7V 

Common mode input voltage .... 6.1... .e eee eee +25 V 

Differential input voltage ....... cece eee eee eee +25 V 

Enable input voltage .... 0... eee eee erences 7V 
Continuous total power dissipation 

at 25°C, N PKG is cc sie es cee sists sees wise 1150 mW 

J PKG: sicinre hac a.Kh Renee SHE eEs 1375 mW 
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Operating free air temperature, TA 


SN75174 switching characteristics 
“(Ta = 25°C, Vcc = 5 V) 


PARAMETER CONDITIONS MIN TYP MAX 


toh Differential Prop. delay low to high Ry = 602 35ns 50ns 
toth Differential Prop. delay high to low C, = SOpF 


tolz Disable time from low 


tphz Disable time from high C_ = SOpF 
tpzi Enable time to low Ip = =33mA 


tozh Enable time to high 


SN75175 switching characteristics 
(Ta = 25°C, Vee = 5-V) 


PARAMETER | conpmmons —_| MIN. TYP_ MAX 
ton Prop. delay low to high 
pin : CL = 15pF 
toni Prop. delay high to low 
tolz Disable time from low 
tohz Disable time from high 


tpzi Enable time to low 
tpzh Enable time to high 


s 35 
GL = 15pF 25n ns 
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FUTURE PRODUCTS 


SN75176, SN75177, SN75178 
differential bus transceivers/repeaters 


Features: SN75176 
* Meets EIA standard RS422 JG Crop one 


Designed for multipoint bus transmission 
-7V to +12V bus common mode range 
Single + 5V supply 

Low power requirements . . . 35 mA max. 


High impedance to bus with driver in 3-state or with power 
off over entire common mode range 


Driver thermal shutdown protection 

Positive and negative current limiting on driver outputs 
60mA driver output capability 

+200mV receiver sensitivity 

12k. minimum receiver input impedance 

+ 50mV typical receiver hysteresis 


JG OR P PACKAGE 
Description (TOP VIEW) 
The SN75176, SN75177, and SN75178 transceivers are 


designed to meet EIA standard RS422 with extended 
positive and negative common mode range for bus 40, 
applications. These transceivers are capable of transmitting Pam 
and receiving data at rates up to 4M bits and over distances r 

up to 4000 ft. If distances greater than 4000 ft. are required, 
the SN75177 and SN75178 repeaters can be used as a pair 
for bi-directional communication, or individually for one way 
communication. 

With the SN75176 transceiver, the RE and DE inputs can 
be connected together to use as a direction control input, or 
used individually for independent control of the driver and 
receiver. 

The SN75177 and SN75178 enable inputs are 
complementary such that when paired and connected 
together, this pin serves as a direction control for 
bi-directional communication. SN75178 


JG OR P PACKAGE 
(TOP VIEW) 


Absolute maximum ratings 


Supply voltage, Vcc ...... cece cece eee ee eee 7V 
Enable input voltage ............. 2. eee eee eee 5.5 V 4 busouT 
Common mode bus voltage............. +15 V/-10 V 
Differential bus voltage ............ee eee eee +25V 
Continuous total power dissipation 
AZB 2G: 2a sis ars. cevein are, ons tor ase outvevn sd. iar as 830 mW 


Supply voltage 4.75V 5.25 V 
Common mode bus voltage -7V +12V 


Receiver high-level output current - 400 pA 
Receiver low-level output current 


Opi orc +70°C 


Function tables 
SN75176 transmitting 


INPUTS OUTPUTS 


INPU 


Driver switching characteristics 
(TA = 25°C, VCC = 5.0 V) 


Receiver switching characteristics 
(TA = 25°C, VCC = 5.0 V) 


rane | covarons [| wi wn 
tpth Prop. delay low to high ViD=-25VI0+25V |  25ns_ | 


toni Prop. delay high to low CL = 15pF | srs | 
tpiz Disable time from low | 25ns | 


tohz Disable time from high ‘ foe 
tpzy Enable time to low Lee 18 ns 
tpzh Enable time to high | ens | 


SN75151, SN75153 
quad differential line drivers with 3-state outputs 


Features: SN75151....JORN 


+ Meets EIA standard RS422A OA TOP VIEW) oe 


* High-impedance output state for partyline operation 
* High output impedance in power-off condition 

« Low input current to minimize loading 

* Single + 5V supply 

* 40mA sink-and source current capability 

* High-speed Schottky circuitry 

« Low power requirements 


Description 


These line drivers are designed to provide differential signals 

with high current capability on balanced lines. These circuits 

provide strobe and enable inputs to control all four drivers, 

and the SN75151 provides an additional enable input for 

each driver. The output circuits have active pull-up and 

pull-down and are capable of sinking or sourcing 40 SN75153....JORN 

milliamperes. DUAL-IN-LINE PACKAGE 
, (TOP VIEW) 

The SN75151 and SN75153 meet all requirements of 

RS422A and Federal Standard 1020. 


The SN75151 and SN75153 are characterized for operation 
from 0°C to 70°C. 


Absolute maximum ratings over operating free-air 
temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ...........0.005- 7V 
Input voltage 2.6... eee cee cee eee eee 5.5V 
Continuous total power dissipation at (or below) 

25°C free-air temperature (see Note 2)......... 1W 
Operating free-air temperature range: 

SN75151, SN75153 0.2.0.0... ee 0°C to 70°C 
Storage temperature range............ —65°C to 150°C 
Lead temperature 1/16 inch (1, 6 mm) from case 

for 60 seconds: J package ................ 300°C 


Lead temperature 1/16 inch (1, 6 mm) from case 
for 10 seconds: N package 


Notes: 

1, All voltage values are with respect to network ground terminal. 

2. For operation above 25°C free-air temperature, refer to the Dissipation Derating Table. In 
the J package, SN75151 and SN75153 chips are glass-mounted. 
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Recommended operating conditions 
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| toviee oaprcuren og |__|] -eema_| 
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PARAMETER 


tpin Propagation delay t'me. iow-to-high-level output CL = 30 pF. Ru = 10022 


tonl Propagation delay time. high-to-low-level output 

a ae 

Pe a aN er 36s 

Fn duoueateinewnanieet «| C*d'Cs |i | 

A TI 
° RL = 


tpnz Output disable time from high level CL = 30 pF, 60 02, | | tans | 30ns | 
toiz Output disable time from low level Su = 30 pF. RL = 1112. | | tans | 30ns | 
Overshoot factor Ry = 1002, piras ihe srk Oe 
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AM26LS31C 
quad differential line driver 


Features: 

* Meets EIA standard RS422A 

* Operates from a single + 5V supply 

* TTL-, DTL-compatible 

* Complementary outputs 

* High output impedance in power-off conditions 
¢ Complementary output enable inputs 


Description 


The AM26LS31C is a quadruple complementary-output line 
driver designed to meet the requirements of EIA standard 
RS422 and Federal Standard 1020. The three-state outputs 
have high-current capability for driving balanced lines such 
as twisted-pair or parallel-wire transmission lines, and they 
provide a high-impedance state in the power-off condition. 
The enable function is common to all four drivers and offers 
a choice of active-high or active-low inputs. Low-power 
Schottky circuitry reduces power consumption without 
sacrificing speed. 

The AM26LS31C is characterized for operation from 0°C to 
70°C. 


Absolute maximum ratings over operating free-air tem- 
perature range (unless otherwise noted) 


Supply voltage, Vcc (See Note 1) ............0005. 7V 
Input Voltage 2... kee eee eee ee eee eee iN 
Output off-state voltage .............. 00.00 eee 5.5 V 
Continuous total dissipation at (or below) 25°C 

free-air temperature (see Note 2) .............. 1W 
Operating free-air temperature range: 

AM26LS31G. 225. ccc cs cee cccew ans dee 0°C to 70°C 
Storage temperature range ........... — 65°C to 150°C 
Lead temperature 1/16 inch (1.6 mm) from 

case for 60 seconds: J package .............. 300°C 
Lead temperature 1/16 inch (1.6 mm) from 

case for 10 seconds: N package ............. 260°C 


Notes: 1. All voltage values are with respect to network ground terminal 
2. For operation above 25 C free-air temperature, refer to the Dissipation Derating 
Table. In the J package, the AM26LS31C chips are glass-mounted. 


AM26LS31M...J AM26LS31C....J OR N 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


Dissipation derating table 


POWER DERATING ABOVE 
BAGMAGE RATING FACTOR Ta 
J (Alloy-Mounted Chip) 1000 mw 11.0 mW°C 59°C 


J (Glass-Mounted Chip) 1000 mw 8.2 MWC 28°C 
1000 mW 9.2 mW°C 41°C 


Function table (each driver) 


H = high level 
L = low level 
X = irelevant 
Z = high impedance (off) 


TEST 
tPLH Propagation delay time, 
low-to-high-level output 
- CL = 30 pF. 
tPHL Propagation delay time, 
high-to-low-level output 


i CL = 30 pF, 
tPZL Output enable time = 
to low level RL = 180.9, 


tPHZ Output disable time 
from high level 


{PLZ Output disable time 
from low level 


Supply voltage. Veg 


High-level output current. Io, 
Low-level output current. Io, 


Operating free-air 
temperature, T, 
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AM26LS832A 
quad differential line receiver 


Features: 

« Meets specifications of EIA standards RS422 and RS423 
¢ Operates from a single + 5V supply 

* Low-Power Schottky circuitry 

* 3-state outputs permit receiving directly into a data bus 

* Complementary output enable inputs 

* Built-in input threshold hysteresis 

¢ Improved input impedance 


Description 


The AM26LS32A is a quadruple line receiver designed to 
meet the requirements of EIA standards RS422 and RS423, 
and Federal Standards 1020 and 1030 for balanced and 
unbalanced digital data transmission. The enable function is 
common to all four receivers and offers a choice of 
active-high or active-low inputs. Three-state outputs permit 
receiving directly into a bus-organized system. Fail-safe 
design ensures that if the inputs are open the outputs will 
always be high. 


Absolute maximum ratings over operating free-air tem- 
perature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ...........-0006- 7V 
Common-mode input voltage ..............005 +25V 
Differential input voltage (see Note 2)........... +25V 
Enable input voltage ...... cece ee eee ees 7V 
Output sink current ........ 00... eee eee ee eee 50 mA 
Continuous total dissipation at (or below) 25°C 

free-air temperature (see Note 3) .............. 1W 
Operating free-air temperature range: 

AM26LS32A ........ 02 cece eee ee eee 0°C to 70°C 
Storage temperature range ........... — 65°C to 150°C 
Lead temperature 1/16 inch (1.6 mm) from 

case for 60 seconds: J package .............. 300°C 
Lead temperature 1/16 inch (1.6 mm) from 

case for 10 seconds: N package ............. 260°C 


Notes: 1. All voltage values, except differential voltages, are with respect to network 
round terminal 
2. Oilferential voltage values are at the noninverting terminal with respect to the 
inverting terminal. 


Recommended operating conditions 


Supply voltage. Vcc 


Common mode input 
voltage, Vic 


High-level output current, 
lou 
Low-level output current. 
lou 


Operating free-air 
temperature. Ta 


JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


irrelevant 


Switching characteristics, VCC = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS |MIN TYP MAX 
tPLH Propagation delay time. 
low-to-high-level output 
CL = 15 pF 
tPHL Propagation delay time, 
high-to-low-level output 


tPZH Output enable time to high level 17ns 22ns 
CL = 15 pF 
tPZL Output enable time to low level | 20ns 25ns | 


tPHZ Output disable time from high level 
tPLZ Output disable time from low level 


CL = 5pF 


\7 
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MC3486 quad line receiver 
with 3-state output 


Features: 


* Meets EIA standards RS422A and RS423A and Federal 
Standards 1020 and 1030 


* 3-state, TTL-compatible outputs 

+ Fast transition times 

* Operates from single + 5V supply 

* Interchangeable with Motorola MC3486N 


Description 


The MC3486 is a monolithic quadruple differential line 
receiver designed to meet the specifications of EIA 
standards RS422A and RS423A and Federal Standards 
1020 and 1030. The MC3486 offers four independent 
differential input line receivers that have TTL-compatible 
outputs. The outputs utilize three-state circuitry to provide a 
high-impedance state at any output when the appropriate 
output enable is at a low logic level. 

The MC3486 is designed for optimum performance when 
used with the MC3487 quadruple differential line driver. This 
is supplied in a 16-pin dual-in-line package and operates 
from a single 5-volt supply. 

The MC3486 is characterized for operation from 0°C 
to 70°C. 


Absolute maximum ratings over operating free-air 
temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) .............000. 8V 
Input voltage, Aor Binputs ................0. +15V 
Differential input voltage (see Note 2)........... *25V 
Enable input voltage .................. banaue ox Se 8V 
Low-level output current ...............000005 50 mA 
Continuous total dissipation at (or below 25°C free-air 
temperature (see Note 3): J Package ........ 1025 mw 
N Package ........ 1150 mW 
Operating free-air temperature range ....... 0°C to 70°C 
Storage temperature range ........... — 65°C to 150°C 
Lead temperature 1/16 inch (1.6 mm) from 
case for 60 seconds: J Package ............. 300°C 
Lead temperature 1/16 inch (1.6 mm) from 
case for 10 seconds: N Package ............. 260°C 


Notes: 1. All vollage values, except differential input voltage, are with respect to network 
round terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to the 
corresponding inverting input. 
3. For operation above eC. free-air temperature, refer to Dissipation Derating 
Table. In the J package chips are glass mounted. 


JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


twanie 


Function table (each receiver) 


DIFFERENTIAL OUTPUT 
INPUTS ENABLE 


OUTPUT 
MY! 


A-B202V H 
-02V<A-B<02V INDETERMINATE 
A-Bs-02V L 


IRRELEVANT HIGH-IMPEDANCE 


H = high level 
L = low level 


Recommended operating conditions 


se 


Dissipation derating table 


POWER | DERATING | ABOV 
PRENAGE RATING FACTOR Ta 
J (Glass-Mounted Chip) 1025 mW 8.2 mW’ 25° 
P 1150 mW | 9.2mW?’C 25°C 
Switching characteristics, VCC = 5 V, TA = 25°C 


PARAMETER TEST CONDITIONS 
tPHL Propagation delay time, 
high-to-low-level output 
CL = 15 pF 
tPLH Propagation delay time, 
low-to-high-level output 


tPHZ Output disable time from high level 

{PLZ Output disable time from low level 

- CL = 15 pF 

tPZH Output enable time to high level 30 ns 
tPZL Output enable time to low level 


Notes: 4. Reler to EIA standards RS422A and RS423A for exact conditions 
5. Only one output at a time should be shorted 


MC3487 quad differential line driver 
with 3-state outputs 


Features: 

* Meets EIA standard RS422A and Federal Standard 1020 
* 3-state, TTL-compatible outputs 

* Fast transition times 

* High-impedance inputs 

* Single + 5V supply 

* Power-up and power-down protection 

* Designed to be interchangeable with Motorola MC3487 


Description 


The MC3487 offers four independent differential line drivers 
designed to meet the specifications of EIA standard RS422A 
and Federal Standard 1020. Each driver has a 
TTL-compatible input buffered to reduce current and 
minimize loading. 

The driver outputs utilize 3-state circuitry to provide 
high-impedance states at any pair of differential outputs 
when the appropriate output enable is at a logic low level. 
Internal circuitry is provided to ensure a high-impedance 
state at the differential outputs during power-up and 
power-down transition times, provided the output enable is 
low. The outputs are capable of source currents of 20 
milliamperes or sink currents of 48 milliamperes. For 
applications requiring higher currents or slower transition 
times, see the SN75174. 

The MC3487 is designed for optimum performance when 
used with the MC3486 quadruple line receiver. It is supplied 
in a 16-pin dual-in-line package and operates from a single 
5-volt supply. 

The MC3487 is characterized for operation from 0°C 
to 70°C. 


Absolute maximum ratings over operating free-air 
temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ....... eee eee eee 8V 
IMPURE: VOIAGE wai oe: sisisoec sie ate wr aiiader's p:aivsr seer Sele 5.5V 
Continuous dissipation at (or below) 25°C free-air 

temperature (see Note 2): J package ...... 1025 mW 

N package ...... 1150 mW 

Operating free-air temperature range ......... 0°C to 70°C 

Storage temperature range ............. — 65°C to 150°C 
Lead temperature 1/16 (1.6 mm) inch from 

case for 60 seconds: J package ............44+ 300°C 
Lead temperature 1/16 (1.6 mm) inch from 

case for 10 seconds: N package ............44- 260°C 


Notes: 1, All voltage values are with respect to the network ground terminal. 
2. For operation above 25'C free-air temperature, derate the J package at the rate 
of 8.2 mW*C and the N package at the rate of 9.2 mW*C. 


JORN 
DUAL-IN-LINE PACKAGE (TOP VIEW) 


H = TTL high level 
L = TTL low level 
X = irelevant 


Supply voltage, VCC 


Operating free-air temperature range, TA 


Output current 


TEST CONDITIONS 


tPLH Propagation delay time, 
low-to-high-level output 
CL = 15 pF 
{PHL Propagation delay time. 
high-to-low-level output 
tTLH Low-to-high-level transition time 
2 CL = 15 pF 


a 
rc) 
—\ 
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»A9636A dual single-ended 
line driver 


Features: 

* Meets EIA standards RS423 and RS232-C 

* Output short-circuit current limiting 

+ Adjustable slew rate limiting 

* TTL and CMOS input compatibility 

* Wide supply voltage range (+9 V to + 15 V) 

* Designed to be interchangeable with Fairchild 9636A 


Description 


The pA9636A is a dual single-ended line driver specifically 
designed to satisfy the requirements of EIA standards 
RS423 and RS232-C in addition to the requirements of 
CCITT X.26, V.28, and Federal Standard FIPS 1030. By use 
of an external resistor, the output slew rate is adjustable over 
two orders of magnitude. The .A9636 supply voltage can be 
operated over a wide range from +9 Vto + 15 V. 

The pA9636AC is characterized for operation from 0°C to 
70°C. 


Supply voltage: Variable from +9 V to +15 V 


Absolute maximum ratings over operating free-air 
temperature range (unless otherwise noted) 


Positive supply voltage range, VCC + 


babes ace Genie teh aaa at exp agan Fs Ghat, 2 aussi ciate Voc— to15V 
Negative supply voltage range, Vcc-— ....0.5to -15V 
Output voltage ....... 2... eee eee eee ee +15V 
Output Current.......... 0.0.00. eee eee eee +150 mA 
Continuous total dissipation at (or below) 25°C free-air 
temperature (see Note 2): JG package ...... 825 mW 
P package ...... 1,000 mw 
Operating free-air temperature range ....... 0°C to 70°C 
Storage temperature range........... — 65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 
seconds: JG package ............0e eee eeee 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 
seconds: P package................-.2-05- 260°C 


JG OR P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


WAVESHAPE 1A 2A GND 
TROL 


CON! 


Positive supply voltage, Voc + 
Negative supply voltage. Voc — 


Operating free-air temperature, Ta 


Wave-shaping resistor, Rws 


Switching characteristics, Vcc + = 12 V, Ta = 25°C 


PARAMETER TEST CONDITIONS MIN TYP MAX 
4us 


Rws = 500kN | 40us 55ys 70 ys 


RL = 4500, 
CL = 30 pF, 


t Transition time, 
1 low-to-high 
level output 


Rws = 1MegQ]| 80s 110 us 140 ps 


Transition time, 
high-to-low 
level output 


RL = 4509, 
CL = 30pF 


Rws = 100kO | 8ys tips 14 ys 
Rws = 500kN | 40ps 55s 70 us 
Rws = 1MegQ} 80s 110 ps 140 ps 


»A9637A dual differential 
line receiver 


Features: 

* Meets specifications of EIA standards RS422 and RS423 
* Operates from a single 5-V supply 

* High-speed Schottky circuitry 

* Wide common-mode range... +7 V 

* Designed to be interchangeable with Fairchild 9637A 


Description 


The »A9637A is a dual differential line receiver utilizing 
Schottky-diode-clamped transistorst for high speed. It is 
designed to meet EIA standards RS422 and RS423. It has a 
common-mode input voltage range of +7 volts and the 
inputs can withstand + 15 volts either differentially or 
to ground. 

The 4£A9637AC is characterized for operation from 0°C 
to 70°C. 


Supply voltage: 5 V nominal 


Absolute maximum ratings over operating free-air tem- 
perature range (unless otherwise noted) 


Supply voltage range, Vcc (see Note 1)... -O5Vto7V 
INpUt VOILAGE:< acc cree sens Vee ee veers SES +15V 
Differential input voltage (see Note 2) ........... #15V 
Output voltage (see Note 1) ........... -O0.5Vto5.5V 
Low-level output current............0.0000 eee 50 mA 


Continuous total dissipation at (or below) 25°C free-air tem- 
perature (see Note 3): 


IG PACKAGE: \i:2 Se5/e,cssve dre ate ee ons Se arare sig ha 825 mA 
Ppackage’ 2s aed + widen neko sk oees eee es 1000 mA 
Operating free-air temperature range........ 0°C to 70°C 


Storage temperature range............ — 65°C to 150°C 
Lead temperature 1/16 inch (1,6 mm) from case for 60 


seconds: JG package.................2.00 ee 300°C 
Lead temperature 1/16 inch (1,6 mm) from case for 10 
seconds: P package............e eee e eee eee 260°C 


Notes: 1. All voltage values, except differential-input voltage, are with respect to the net- 
work ground terminal. 
2. Differential-input voltage is measured at the noninverting input with respect to 
the corresponding inverting input. 
3. For operation above 25°C free-air temperature, derate the JG package to 528 
mW at 70 C at the rate of 6.6 mW: 'C and the P package to 70 C at the rale of 
8.0 mW. In the JG package, A9637AC chips are glass-mounted. 


JG or P DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


1 


/ 1 NON. 2 
ty INV INV INV 
INPUT INPUT INPUT INPUT 


Voc 2) GND 
OurPuT output 


Recommended operating conditions 


Supply voltage, Veg 
Common-mode input voltage, Vic 


Operating free-air 
temperature, T, 


t Propagation delay time, 
rut low-to-high-level output 


t Propagation delay time, 
nue high-to-low-level output 
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IEEE Standard 488 


In the field of programmable instruments there 
are a large number of manufacturers building 
equipment which must be easily and economically 
interfaced. For this reason the General Purpose 
Interface Bus (GPIB), defined by IEEE Standard 
488, has received wide acceptance in a short time. 
At present, it is estimated that there are over 500 
different instruments commercially available uti- 
lizing the IEEE-488 Interface. 
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TYPICAL APPLICATION 


The GPIB has standardized the interface sys- 
tem used to interconnect programmable and non- 
programmable instruments, computers, and 
peripherals necessary to build an instrumentation 
system. This allows a user to purchase instru- 
ments from many different manufacturers and 
connect them using off-the-shelf cable. 

Up to 15 instruments can be tied together on 
the GPIB. The maximum line length is 20 meters. 


——— so DATA BUS 
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HEwae 
Tei DATA BYTE 
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aa 
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pt MANAGEMENT 
fea e== 
= i 
===> ) 
DIO 1...8 


DAV 
NRFD 
NDAC 
IFC 
ATN 
SRQ 
REN 
EOI 


FIGURE 2 


The GPIB is a 16-line bidirectional bus. Data is 
transmitted on eight of the lines at rates up to one 
megabyte per second, while hand shaking and bus 
management signals are transmitted on the other 
eight lines. A typical system application is shown 
in Figure 2. 

Texas Instruments’ SN75160 family of bus 
transceivers are designed to provide the interface 
between the bus and the bus controller. These 
transceivers may be used with TI’s TMS 9914 Bus 
Controller chip or any of the other GPIB control- 
lers commercially available. They provide the sim- 
plest method of interfacing to the bus because 
each part is tailored to either the 8-line data bus or 
8-line control bus, so they require no extra logic or 
complicated beard layout. With the SN75160 fam- 
ily, it takes only two 20-pin DIP packages to get on 
the GPIB. The new improved SN75160A series is 
pin-for-pin compatible with the original SN75160 
series, but with lower power and faster speeds as 
shown in Fig. 3. 

All the transceivers in the SN75160 family have 
several features in common. Each driver output 
has built into it the termination network required 
by IEEE Standard 488. This termination is de- 
signed so that when power is removed from the 
transceiver, the output presents a high impedance 
to the bus. Also, each receiver has a minimum of 
400 mV hysteresis for additional noise margin. 


50 SN75160 


MAX 

SPEED 30 4750 

(ns) pJ 
SN75160A 


40 60 80 100 120 140 160 
MAX PWR/CHANNEL (mW) 


FIGURE 3 


The SN75160A is designed to implement the 
8-line data bus. The direction of data flow is con- 
trolled by the Talk Enable (TE) input. All eight 
channels are simultaneously in the receive mode 
when the TE is low and data is received from the 
bus and transferred to the bus controller. When 
the TE is in the high state, all eight channels go to 
the transmit mode and data will be transmitted 
onto the bus. Each driver features a totem-pole 
output which can actively drive the bus high or 
low to give the fastest data rates possible. The 
SN75160A has a Pull-up Enable (PE) input which, 
when taken low, disables the upper stage of the 
driver outputs turning all eight driver outputs 
into open-collector type outputs. The open- 
collector output mode does not allow as fast a data 
rate as with the totem-pole, but it does allow more 
than one instrument to be transmitting on the bus 
at the same time. This feature is used in parallel 
polling where up to eight instruments may be 
polled simultaneously, each responding on one line 
of the eight-line data bus, greatly speeding the 
polling process. They may then be switched back 
to the totem-pole mode for regular data 
transmission. 

The SN75161A is used to implement the 8-line 
control bus. Included in it is the necessary logic 
which, combined with the Talk-Enable (TE) and 
Direction Control (DC) inputs, insures that each 
channel is enabled in the correct direction for the 
exchange of bus management and handshaking 
signals. Three of the channels, NDAC, NRFD, 
and SRQ, have open-collector driver outputs as 
required by the IEEE Standard 488. These lines 
are used in a Wired-OR configuration always. The 
other five channels have totem-pole outputs. 

The SN75162A offers an alternate method of 
implementing the control bus. The SN75162A is 
identical to the SN75161A except that the direc- 
tion of the REN and IFC channels is controlled by 
a separate input called the System Controller 
(SC). With this additional flexibility, control of the 
entire Bus System may be transferred from one 
instrument to another (multiple controller sys- 
tems). Because of this extra input, the SN75162A 
package has 22 pins. 
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SN75160A, SN75161A and SN75162A octal 
IEEE-488 GPIB bus transceivers 


Features: 

¢ 8-channel bidirectional transceivers 

* Meet IEEE standard 488-1978 

* High-speed low-power Schottky circuitryt 

+ Low power dissipation. 65 mW max per channel 

* High-impedance PNP inputs 

* Receiver hysteresis...500 mV typ 

* Open-collector driver output option (SN75160A) 

* Bus-terminating resistors provided on driver outputs 

* No loading of bus when device is powered down 
(VCC = OV) 

* SN75161A for single-controller systems; SN75162A for 
multi-controller systems 


finteorated Schottky-Barrier diode-clamped transistor is patented by Texas Instruments. U.S. Patent 
lumber 3,463,975. 


Description 


These octal bus transceivers are designed to provide 
communication on the general-purpose interface bus (GPIB) 
between operating units of the instrumentation system. 

The sixteen signal lines normally required by the interface 
system can be implemented with two devices. The 
SN75160A handles the eight-line data bus. The data-transfer 
and bus-management signals are handled by the SN75161A 
in systems with one controller, or by the SN75162A in sys- 
tems with more than one. An active turn-off feature has been 
incorporated into the bus-terminating resistors so that the de- 
vices exhibit a high impedance to the bus when VCC = OV. 

When PE is low, the bus outputs of the SN75160A have 
the characteristics of open-collector outputs. They act as 
three-state ports when PE is high. Taking TE low places 
those ports in the free-state, wherein they can be driven by 
the bus lines, and enables the D outputs. 


Absolute maximum ratings over operating free-air 
temperature range (unless otherwise noted) 


Supply voltage, Vcc (See Note 1) ..............06- 7V 
INpULVOItAGE® secs sd here soos bane oes ti ewes 5.5 V 
Low-level driver output current ............... 100 mA 
Continuous total dissipation at (or below) 25°C free-air tem- 

perature (see Note 2) .............00 00 ee 1150 mW 
Operating free-air temperature range ....... 0°C to 70°C 
Storage temperature range ........... — 65°C to 150°C 
Lead temperature 1/16 inch (1.6 mm) 

from case for 10 seconds .............-.0006- 260°C 


Notes: 1. All voltage values are with respect lo network ground terminal. 
2. For operation above 25*C free-air temperature, derate linearly at the rate of 9.3 
mW/C to 740 mW at 70°C. 


SN75160A 
N DUAL-IN-LINE PACKAGE 
(TOP VIEW) 


Table of abbreviations 


CLASS NAME IDENTITY 


DC Direction Contro! 
CONTROL 
INPUTS PE Pull-up Enable 
TE 
SN75160A Bus side of device 
VO PORTS Terminal side of device 


Talk Enable 
Attention 


Data Valid 
End or Identify 
sages Interface Clear 
MNEMONICS Not Data Accepted 


Not Ready for Data 
Remote Enable 
Service Request 
System Controller 


SN75160A function tables 


F = free state’, H = high level, L = low level, X - irrelevant, Z = high-impedance slate. 
“This is the high-impedance state of a normal 3-state output modilied by the internal 
resistors to VCC and ground. 


SN75161A SN75162A 
N DUAL-IN-LINE PACKAGE N DUAL-IN-LINE PACKAGE 
(TOP VIEW) (TOP VIEW) 


Temwmat 


vee MC “MIN FC NOME RBH Cay CO ATR HAO’ OC 


SN75161A function table 
CONTROLS? DIRECTION OF DATAt 


TE DC ats i EOI REN IFC SRQ NRFD NDAC DAV 
Level Direction 
H R T R R T R R T 


HH 
HH 
HL 
L oH 
LoL 
Le 


H = high level, L = low level, R = receive. T = transmit, X = irrelevant 

tATN 1s a normal transceiver channel that functions additionally as an internal direction 
control or talk enable for EO! whenever the TE and DC inputs are in the same state. When 
TE and DC are in opposite states, the ATN channel functions as an independent transceiver 


CONTROLS DIRECTION OF DATA 


TE DE SC inavet renin EC! REN IFC SRQ NRFD NDAC DAV 
Level Direction 


H 
H 
H 
L 
L 
L 
H 
H 
H 
L 
L 
L 


H 
H 


L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 


Prierririrrircr 

rriMKOCIPIXKEE 
AADADDAADADD 
ADDADAADDADVA 
4AAAAADBDIID 
AAHAAAADDVDIIID 
DDADAADDAD AG 
4AADDDAAADIVID 
AAADVDBDAAADVID 
DUDAAADVVAAA 


only. 

$Direction of data transmission is from the terminal side to the bus side, and the direction of 
data receiving is from the bus side to the terminal side. Data transfer is noninverting in both 
directions 


= low 

= receive 
transmit 

= irrelevant 


H = high 
L 

R 

T= 
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Functional block diagrams 


SN75160A 


TERMINAL 


DAV NDAC NRFD EO! ATN SRQ REN IFC 
4) 


TERMINAL 
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SN75162A 


BUS 


TERMINAL 


Switching characteristics, Vcc = 5 V, CL = 15 pF, Ta = 25°C (unless otherwise noted) 


Propagation delay time, 
Terminal 


'PLH — fow-to-high-level output 

Propagation delay time, 

'PHL — high-to-low-level output 
fom | a | 
TE 
or 
oc 
tp_z Output disable time from low level 
tpzy Output enable time to high level 
tpyz Output disable time from high level TE : 
or Terminal 
tpz_ Output enable time to low level oc 
tp_z Output disable time from low level 


Output pull-up enable time = 
: Terminal Are 
Output pull-up disable time 


SN75160A 
MIN TYP MAX 


SN75161A 
MIN TYP MAX 


SN75162A 
MIN TYP fA 


TEST 
CONDITIONS 


17s 25ns 


14ns 20ns 17ns 25ns 


14ns 20ns 17 ns 25ns 17 ns 25ns 


Propagation delay time, 
'PLH —Jow-to-high-level output 


Propagation delay time, 
'PHL — high-to-low-level output 


‘pz Output enable time to high level 


tpyz Output disable time from high level 
tpz_ Output enable time to low level 
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MC3446 quad bus transceiver 


Features: 


¢ Driver inputs compatible with TTL and 
MOS circuitry 


* Driver outputs stay off during 
power up and power down 


« Drivers feature open-collector outputs 
for party-line operation 

* Designed for interchangeability with 
Motorola MC3446 


* Meets IEEE 
standard 488-1975 


Description 


These circuits are quadruple, single-ended line transceivers 
designed for bidirectional flow of data and instructions. The 
bus terminal characteristic complies with paragraph 3.5.3 of 
IEEE Standard 488 (see Figure 3). Each driver output is tied 
to the junction of an internal voltage divider that sets the no- 
load output voltage and provides bus termination. The driver 
outputs are guaranteed to be “off” during power up and 
power down if either input is high. The receivers feature 950 
millivolts typical hysteresis for noise immunity. 

The MC3446 is characterized for operation from 0°C 
to 70°C. 


Absolute maximum ratings over operating free-air tem- 
perature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) .............0040- 7V 
Input’ Voltages. 4 205 2 sciseiri-e tare ainrs fomye yg enantio ss 5.5V 
Driver output Current................0. eens 150 mA 
Continuous total dissipation at (or below) 25°C 

free-air temperature (see Note 2) ........... 830 mW 
Operating free-air temperature range........ O°C to 70°C 
Storage temperature range............ — 65°C to 150°C 
Lead temperature 1/16 inch from case 

for 60 seconds: J Package ............0e000- 300°C 
Lead temperature 1/16 inch from case 

for 10 seconds: N Package ...........-.+.-65 260°C 


Notes: 1. Voltage values are with respect to network ground terminal 
2. For operation above 25°C free-air temperature, refer to Dissipation Derating 
Curves in the Thermal Information section, which starts on page 18. In the J 
package, MC3446 chips are glass-mounted. 
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TRANSCIEVERS 


SN75176° $N75178° 
$N75177° 


$N75158 $N75159 UA9637 aaa 
$N75151 $N75174 $N75173 MC3486 
$N75153 AM26L$31 $N75175 
SN75172 MC3487 AM26LS32A 
$SN75176° $N75178* 
$N75177" 
$N75172 SN75174 $N75173 $N75175 
UAS636A vasa | 


$N75173 AM26LS32A 
$N75175 MC3486 
$N75150 UA9636A $N75152 = 


SN75188 $N75154 SN75189A 
SN75189 
SN75160A SN75162A 
SN75161A 


SN75124 
ae SN75127 
ee SN75129 


$N75121 $N75451 $N75122 $N75142A 
$N75361 $N75140 SN75143A 
$N75450 SN75141 


0S8831 
088832 


$N75123 


N8T26 $N75138 
N8T26A AM26S10 
SN75136 AM26S11 


SN75116 SN75118 
SN75117 $N75119 
$N75183 $N75107 SN75182 
$N75450 
0S8831 
0S8832 
$N75208 


“FUTURE PRODUCTS **O = DIFFERENTIAL, S-E = SINGLE ENDED 


GENERAL 
PURPOSE 


$N75109 


SN75114 


Line Circuit Prices'(100-piece) 


PRICE PRICE PRICE PRICE PRICE 
DEVICE $ DEVICE $ DEVICE $ DEVICE $ DEVICE $ 
AM26LS31CN $1.87 SN75112AN $1.35 SN75129N $2.39 SN75161AN $3.93 SN75188N ss $_ 66 
AM26LS32AN 1.87 SN75113AN 1.58 SN75136N 1.00 SN75162AN = §.04 SN75189N 66 
AM26S10CN 1.61 $N75114N .96 SN75138N 2.55 SN75163N 3.92 SN75189AN : 
AM26S11CN 1.61 SN75115N 96 $N75140P 1.22 SN75172N 3.02 SN75207N 1.90 
0S8831N 1.97 SN75116N 2.10 SN75141P 1.73 SN75173N 2.23 SN75208N 1.90 
0S8832N 1.97 $N75117P 2.10 SN75142AN =. 2.03 SN75174N 3.02 $N75361AP 1.76 
MC3446N 1.97 $N75118N 2.02 SN75143AN —- 1.87 SN75175N 2.23 SN75450BN 81 
MC3486N 1.97 $N75119P 2.02 $N75150P 1.18 SN75176P . $N75451BP .29 
MC3487N 2.03 SN75121N 98 SN75151N 2.45 SN75177P . pAQ636AP 1.73 
N8T26N 1.00 SN75122N 98 SN75152N 2.81 SN75178P . pA9637AP 1.73 
N8T26AN 1.08 SN75123N 98 SN75153N 1.87 SN75182N 72 
SN75107AN 1.11 $N75124N 1.05 SN75154N 1.32 SN75183N 72 *Future Product 
SN75108AN 11 $N75125N 2.16 $N75158P 2.16 Note These prices are 
SN75109AN 1.66 SN75127N 2.16 SN75159N 2.52 for commercial tem- 
SN75110AN 1.11 SN75128N 2.38 SN75160AN 3.60 perature ranges 
TUS prices 


only 
Subject to change without notice 
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TI Sales Offices 


ALABAMA: Huntsville, 500 Wynn Drive, Suite 514, Hunts- 
ville, AL 35805, (205) 837-7530. 


ARIZONA: Phoenix, P.O. Box 35160, 8102 N. 23rd Ave., 
Suite A, Phoenix, AZ 85069, (602) 249-1313. 


CALIFORNIA: Costa Mesa, 3186J Airway. Costa Mesa, CA 
92626, (714) 540-7311: El Segundo, 831 S. Douglas St.. EI 
Segundo, CA 90245, (213) 973-2571: San Diego, 4333 View 
Ridge Ave, Suite B., San Diego, CA 92123, (714) 
278-9600; Sunnyvale, P.O. Box 9064, 776 Palomar Ave., 
Sunnyvale, CA 94086, (408) 732-1840. 


COLORADO: Denver, 9725 €. Hampden St., Suite 301, 
Denver, CO 80231, (303) 751-1780. 


CONNECTICUT: Hamden, 2405 Whitney Ave., Hamden, CT 
06518, (203) 281-0074. 


FLORIDA: Clearwater, 2280 US. Hwy. 19 N , Suite 232, 
Clearwater, FL 33515, (813) 725-1861, Ft. Lauderdale, 
2765 N.W. 62nd. Ft. Lauderdale. FL 33309, (305) 973- 
8502; Winter Park, 1850 Lee Rd , Suite 115, Winter Park, 
FL 32789, (305) 644-3535. 


GEORGIA: Atlanta, 3300 Northeast Expy. , Suite 9, Atlanta, GA 
30341, (404) 452-4600 


ILLINOIS: Arlington Heights, 515 W Algonquin. Arlington 
Heights, IL 60005, (312) 640-3000. 


INDIANA: Ft, Wayne, 2020 Inwood Dr. Ft. Wayne, IN 46805, 
(219) 424-5174: Indianapolls, 5726 Professional Cir., Suite 
103, Indianapolis, IN 46241, (317) 248-8555. 


IOWA: Cedar Rapids, 411 Burdette Ave.. #1026. Cedar 
Rapids, 1A 52404, (319) 346-1100. 


MASSACHUSETTS: Waltham, 504 Totten Pond Rd.. Wal- 
tham, MA 02154, (617) 890-7400 


MICHIGAN: Southfield, Central Park Plaza, 26211 Central 
cas Blvd , Suite 215, Southfield, MI 48076, (313) 353- 
0830. 


MINNESOTA; Edina, 7625 Parklawn, Edina, MN 55435, 
(612) 830-1600. 


MISSOURI: Kansas City, 8080 Ward Pkwy.. Kansas City, MO 
GANA (Bi 523-2500; St. Louls, 2368 Schuetz Rd., St. 
Louis, MO 63141, (314) 432-3333. 


NEW JERSEY: Clark, 292 Terminal Ave. West, Clark, NJ 
07066, (201) 574-9800. 


NEW MEXICO: Albu ueraue, $907 Alice N.E., Suite €, -Albu- 
querque, NM 87110, (505) 265-8491. 


NEW YORK; East Syracis, 6700 Old Collamer Rd., East 
Syracuse, NY 13057, (315) 463-9291; Endicott, 112 Nanti- 
coke Ave., PO Box 618, Endicott, NY 13760, (607) 754- 
3900; Melville, 1 Huntington Quadrangle. Suite 1C01, 
Melvilie, NY 11746, (516) 293-2560; Poughkeepsie, 201 
South Ave., Poughkeepsie, NY 12601, (914) 473-2900; 
Rochester. 1210 Jefferson Rd , Rochester. NY 14623, (716) 
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NORTH CAROLINA: Charlotte, 1 Woodlawn Green, Woodlawn 
Rd., Charlotte. NC 28210. (704) 527-0930 


TI Distributors 


ALABAMA: Huntsville, Hall-Mark (205)837-8700. 


ARIZONA: Phoenix, Kierulff Electronics (602) 243-4101; R.V. 
Weatherford (602) 272-7144; Tempe, Marshall Industries 
(602) 968-6181. 


CALIFORNIA: Anaheim, R.V. Weatherford 74) 634-9600; 
Canoga Park, Marshall Industries (213) 999-5001; 
Chatsworth, JACO (213) 998-2200; Costa Mesa, T! Supply 
(714) 979-5391, El Monte, Marshall Industries (213) 686- 
0141, El Segundo, Ti Supply (213) 973-2571; Glendale, R V. 
Weatherford (213) 849-3451; Goleta, RPS (805) 964-6823, 
Irvine, Marshall Industries (714) 556-6400; Los Angeles, 
Kierulff Electronics (213) 725-0325; RPS (213) 748-1271; 
Mountain View, Time Electronics 4313) 965-8000; Palo Alto, 
Kieruiff Electronics (415) 968-6292, Pomona, R.V. Weather- 
ford (714) 623-1261; San Diego, Arrow Electronics (714) 
565-4800; Kierulff Electronics (714) 278-2112; Marshall In- 
dustries (714) 278-6350: R.V. Weatherford (714) 278-7400; 
Santa Barbara, R.V. Weatherford (805) 465-8551; Santa 
Clara, United Components (408) 496-6900; Sunnyvale, Ar- 
row Electronics (408) 739-3011, Marshall Industries (408) 
732-1100; Tl Supply (408) 732-5555, Torrance, Time Elec- 
Wonigs (213) 320-0880; Tustin, Kierulff Electronics (714) 
or 5 


COLORADO: Denver, Arrow Electronics (303) 758-2100, 
Diplomat/Denver, (303) 427-5544; Kierulff Electronics (303) 
371-6500; Englewood, A.V. Weatherford (303) 770-9762 


CONNECTICUT: Hamden, Arrow Electronics (203) 248-3801: 
Tl Supply (203) 281-4669: Orange, Milgray/Connecticut 
es Wallinglord, Wilshire Electronics (203) 


FLORIDA: Clearwater, Diplomat/Southland (813) 443-4514; 
Ft, Lauderdale, Arrow Electronics (305) 973-8502; 
Diplomat/Ft. Lauderdale (305) 971-7160; Hall -Mark/Miaml 
(305) 971-9280; Orlando, Hall-Mark/Orlando (305) 855- 
4020, Palm Bay, Arrow Electronics (305) 25-1480; 
Diplomat/Florida (305) 725-4520; St. Petersburg, Kierulff 
Electronics (813) 576-1966; Winter Park, Milgray Elec- 
tronics (305) 647-5747. 


GEORGIA: Doraville, Arrow Electronics (404) 449-8252; 
Norcross, Wilshire Electronics (404) 923-5750. 


ILLINOIS: Artington Heights, TI Supe (312 640-2964; Ben- 


sonville, Hall-Mark/Chicago (312) 860-3800; Elk Grove Vil- 
lage, Kierulff Electronics (312) 640-0200; Chicago, Newark 
Electronics (312) 638-4411, Schaumburg, Arrow Electronics 
(312) 893-9420. 


INDIANA: Ft. Wayne, Ft. Wayne Electronics (219) 423-3422; 
Indianapolls, Graham Electronics (317) 634-8202. 


IOWA: Cedar Rapids, Deeco (319) 365-7551 


KANSAS: Lenexa, Component Specialties (913) 492-3555; 
Shawnee Mission, Hail-Mark/Kansas City (913) 888-4747; 
Wichita, LCOMP Inc. (316) 265-8501 


MARYLAND: Baltimore, Arrow Etectronics (793) 737-1700, 
(301) 247-5200, Hall-Mark/Baltimore (301) 796-9300, Co- 
lumbla, Diptomat/Maryland (301) 995-1226; Rockville, 
Milgray/Washington (301) 468-6400. 


MASSACHUSETTS: Billerica, Kierulff Electronics (617) 667- 
8331, Burlington, Wilshire Electronics (617) 272-8200; Wal- 
tham, TI Su, py (617) 890-0510, Woburn, Arrow Electronics 
(617) 933-8130; Time Electronics (617) 935-8080 


MICHIGAN: Ann Arbor, Arrow Electronics (313) 971-8220; 
Oak Park, Newark Electronics (313) 967-0600; Grand Rapids, 
Newark Electronics (616) 241-6681 


MINNESOTA: Edina, Arrow Electronics (612) 830-1800; Ply- 
mouth, Marshall Industrials (612) 559-2211. 


MISSOURI: Earth City, Hall-Mark/St Louis 31) 291-5350; 
Kansas Clty, Component Specialties (913) 492-3555; LCOMP 
Inc.-Kansas City (816) 221-2400; St. Louls, LCOMP Inc.-St. 
Louis (314) 291-6200. 


NEW HAMPSHIRE: Manchester, Arrow Electronics (603) 
668-6968. 


NEW JERSEY: Camden, General Radio Supply (609) 964- 
8560; Cherry Hill, Milgray/Delaware Valley (609) 424-1300; 
Clark, Tl Suppiy (201) 382-6400, Clifton, Wilshire Elec: 
Hronles (201 40-1900; Fairfield, Kierulff Electronics (zon) 
575-6750; Moorestown, Arrow Electronics (608) 235-1900; 
Saddlebrook, Arrow Electronics (eon) 797-5800, Totowa, 
Diplomat/New Jersey (201) 785-1830. 


NEW MEXICO: Albuquerque, Arrow Electronics (805) 243- 
4566; International Electronics (505) 262-2011; United 
Components (505) 345-9981. 


NEW YORK: Endwell, Wilshire Electronics (607) 754-1570; 
Farmingdale, Arrow Electronics (516) 694-6800; Freeport, 
Milgray Electronics (516) 546-6000. N.J. (800) 645-3986; 
Hauppauge, Arrow Electronics (516) 231-1000; JACO (516) 
273-5500: Liverpool, Arrow/Syracuse (315) 652-1000: 
Melville, Diplomat (516) 454-6334; New York, Wilshire Elec- 
tronics (212) 682-8707; Rochester, Arrow/Rochester (716) 
275-0300; Rochester Radio gupaly (716) 454-7800: Wil- 
shire Electronics (716) 235-7620. 


OHIO: Beachwood, 23408 Commerce Park Rd.. Beachwood, 
OH 44122. (216) 464-6100. Dayton, Kingsley Bldg.. 4124 
Linden Ave., Dayton, OH 45432, (513) 258-3877. 


OKLAHOMA: Tulsa, 3105 E. Skelly Dr, Suite 110, Tulsa, OK 
74128, (918) 749-9548. 


OREGON: Beaverton, 10700 S W. Beaverton Hwy., Suite 
565, Beaverton, OR 97005, (503) 643-6759 


PENNSYLVANIA: Ft. Washington, 575 Virginia Dr., Ft. Wash- 
ington, PA 19034, (215) 643-6450. 


TENNESSEE: Johnson City, PO. Drawer 1255, Erwin Hwy., 
Johnson City, TN 37601, (615) 282-1100 


TEXAS: Dallas, 13531 N. Central Expressway, Suite 2700, 
Dallas, TX 75243, (214) 238-6531; Houston, 9000 South- 
west Frwy., Suite 400, Houston, TX 77036, (713) 776- 


UTAH: Salt Lake City, 3672 West 2100 South, Salt Lake City 
UT 84120, (801) 973-6310 


VIRGINIA; Arlington, Crystal Square 4, 1745 Jefferson Davis 
Hwy., Suite 600, Arlington, VA 22202. (703) 553-2200; 
Richmond, 13711 Sutters Mii! Circle, Midlothian, VA 23113, 
(804) 744-1007. 


WASHINGTON: Bellevue, 700 112th N.E., Suite 10, Belle- 
vue, WA 98004. (206) 455-3480. 


CANADA: Ottawa, 436 McClaren St., K2POM8, Ottawa. Can- 
ada, (613) 233.1161; Richmond Hill, 280 Centre St. E., 
Richmond Hiti L4C181, Ontario, Canada, (416) 884-9181; 
St. Laurent, 945 McCaffery St.. St. Laurent H4TIN3, Que- 
bec, Canada (514) 341-3232. € 


NORTH CAROLINA: Raleigh, Hali-Mark (919) 832-4465; 
Winston-Salem, Arrow Electronics (919) 725-8711. 


OHIO: Cleveland, Ti Supply (216) 464-6100; Columbus, Hall- 
Mark/Ohio (614) 846-1882, Dayton, ESCO Electronics (513) 
226-1133; Marshail Industries (513) 236-8088; Kettering, Ar- 
row Electronics (513) 253-9176; Reading, Arrow Electronics 
(513) 761-5432; Solon, Arrow Electronics (216) 248-3990. 


OKLAHOMA: Tulsa, Component specials (918) 664-2820; 
Hall-Mark/Tulsa (918) 835-8458; Tl Supply (918) 749-9543. 


OREGON: Beaverton, Almac/Stroum Electronics (503) 641- 
9070: Milwaukie, United Components (503) 653-5940 


PENNSYLVANIA: Huntington Valley, Hall-Mark/Philadelphia 
215) 38-7800: Pittsburgh, Arrow Electronics (412) 


TEXAS: Austin, Component Specialties (512) 837-8922; 
Hall-Mark/Austin (512) 837-2814; Dallas, Component Spe- 
cialties (214) 357-6511; Hall-Mark/Dallas (214) 234-74 0; 
International Electronics, (214) 233-9323; TI Supply (214) 
238-6821; El Paso, International Electronics (B14) 778- 
9761; Houston, Component Specialties (713) 771-7237; 
Hall-Mark/Houston (713) 781-6100; Harrison Equipment 
(713) 652-4700; TI Supply (713) 776-6511, 


UTAH: Salt Lake City, Dipiomat/Altaland (801) 486-4134; 
Kierulff Electronics (801) 973-6913 


WASHINGTON: Redmond, United Components {208} 885 
1985; Seattle, Almac/Stroum Electronics (206) 63-2300, 
Kierulff Electronics (206) 575-4420; Tukwila, Arrow Elec- 
tronics (206) 575-0907. 


WISCONSIN: Oak Creek, Arrow Electronics (414) 764-6600; 
Hall-Mark/Milwaukee a 761-3000; Waukesha, Kierulff 
Electronics (414) 784-8160. 


CANADA: Calgary, Cam Gard Supply (403) 287-0520; Future 
Electronics \§ 3) 259-6408; Downsview, CESCO Electronics 
(arg 661-0220; Edmonton, Cam Gard Supply (03) 426-1805; 

jalifax, Cam Gard Supply (902) 454-8581, Kamloops,Cam 
Gard Supply (604) 372-3338; Moncton, Cam Gard Supply (506) 
855-2200; Montreal, CESCO Electronics (514) 735-5511; Future 
Electronics (14) 731-7441; Ottawa, CESCO Electronics (613) 
729-5118; Future Electronics (613) 820-8313; Quebec City, 
CESCO Electronics (418) 687-4231; Regina, Cam Gard supp 
{306) 525-1317; Saskatoon, Cam Gard psy (00) 652-6424; 

ronto, Future Electronics (416) 663-5563; Vancouver, Cam 
Gard Supply (604) 291-1441; Future Electronics (604) 438- 
5545; Winnipeg, Cam Gard Supply (204) 786-8481. v 
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